SUMMARY Investigations were carried out in man and dog to study the validity of Cannon's law of denervation supersensitivity in relation to parasympathetic denervation of the stomach. Subthreshold doses of carbachol did not accelerate gastric emptying before vagotomy but caused a significant increase in the rate of gastric emptying after vagotomy. These findings may be relevant to aberrations of gastrointestinal motility after vagotomy and may provide the basis of a test for completeness of gastric vagotomy.
Changes in alimentary motility after vagotomy, such as diarrhoea, remain unexplained. One possibility is that they may be related to hypersensitivity of denervated muscle of the alimentary tract, and we now report a study designed to investigate this phenomenon after vagotomy.
In 1939 Cannon proposed his 'law of denervation supersensitivity'. This states that a denervated organ responds to chemical agents in doses too small to stimulate the normally innervated organ; such doses are called 'subthreshold'. Cannon's law was framed largely in terms of sympathetic and somatic denervation. In order to determine whether Cannon's law is valid for parasympathetic denervation, we decided to measure the effect of subthreshold doses of a cholinergic drug (carbachol) on the rate of gastric emptying before and after vagotomy.
Methods and Material
Three adult greyhound bitches were studied first and the validity of Cannon's law in relation to gastric emptying was verified. We therefore instituted a comparable investigation in man. The patients were five volunteers from our gastric clinic in whom a vagotomy and pyloroplasty for duodenal ulcer had been carried out two to four weeks previously. The vagotomy was complete in all, as judged by the result of the insulin test (Hollander, 1946) . Five patients admitted for minor surgery volunteered to serve as controls.
METHOD OF STUDY
In both dog and man the rate of gastric emptying was measured by external counting of a radioisotopically labelled meal. The methods used were different. The rate of gastric emptying of a test meal was measured using a gamma camera by a method described in a separate communication (Jones et al, in press The rate of emptying in response to saline was significantly slower after vagotomy than before (p < 0 05).
HUMAN STUDY
The patterns of gastric emptying before and after truncal vagotomy with pyloroplasty are given in Figure 2 and Table II .
Before vagotomy
The dose of carbachol used (0-06 ,tg/kg) did not increase the rate of gastric emptying observed when saline was given and was therefore subthreshold. In fact the rates measured at 35, 45, and 65 minutes after the injection of carbachol were slightly and significantly slower (p < 0-025) than after the saline injection.
After vagotomy
In response to subthreshold carbachol there was a significant acceleration of gastric emptying when compared with the response to saline (p < 0-05). There were no significant differences between the rates in response to carbachol after vagotomy and those after saline in the control subjects with intact vagi.
As in the dogs, when saline was used the emptying rates after vagotomy were significantly slower (p < 0-05) than in the corresponding measurements in the subjects with intact vagi.
Discussion
In dog and in man the rate of gastric emptying was decreased soon after vagotomy and pyloroplasty. Whether the rate of emptying approaches normal values with the passage of time is controversial (Goodall, 1966; Griffith, Owen, and Shields, 1966; Buckler, 1967; George, Connell, and Kennedy, 1968 and pyloroplasty in both dog and man. This result confirmed our original hypothesis that Cannon's law might apply to the parasympathetic nervous system. Further exploration of this phenomenon might throw some light on aberrations of motility after vagotomy. The development of denervation supersensitivity depends on total denervation of an organ. In studies on monkeys, Binder, Bloom, Stern, Solitare, Thayer, Spiro, and Poindexter (1968) found supersensitivity of the oesophagus to a cholinergic drug, mecholyl, only after division of both vagal trunks. By inference, the development of 'denervation supersensitivity' of the stomach depends upon complete denervation of the stomach.
At present, the Hollander insulin test (1948) is used to assess the completeness of gastric vagotomy. This test involves nasogastric intubation and an injection of insulin, both of which are unpleasant to the patient. Furthermore, interpretation of the results is difficult and controversial (Bachrach, 1962; Bank, Marks, and Louw, 1967) . There is a real need for a simpler test which would be at least equally informative. 'Denervation supersensitivity' might provide the basis for such a test. The basis of this method would be that subthreshold cholinergic stimulation would cause an increased rate of emptying of the completely denervated stomach but not of the partially denervated stomach.
